Abstract Pasteurella multocida is responsible for one of the major animal diseases with economic importance in both developed and developing countries. P. multocida B:2 causes haemorrhagic septicemia (HS) in cattle and buffaloes, which result in heavy economic losses through direct effect, resulting in high mortality rates and indirect effects through impairment of the animal productivity. It is well known that HS affects mainly the respiratory and digestive tracts of host animals. However, involvement of the reproductive system in the pathogenesis of HS has not been reported previously. This study was designed to present detailed detection and histopathological changes of the reproductive system and mammary glands of buffaloes experimentally infected with P. multocida B:2. Briefly, nine healthy buffalo calves aged 8-month-old were divided into three groups of three calves each. Calves from groups 1 and 2 were inoculated subcutaneously and orally with 10 mL of 1×10 12 cfu/mL of P. multocida B:2, respectively, while calves of group 3 were inoculated orally with 10 mL of phosphate buffer saline as a sham control. All the calves in group 1 had to be euthanized after 12 h post-infection, while calves in group 2 were euthanized after day 21 post-infection. Successful isolation and PCR confirmation of P. multocida B:2 was achieved from different parts of the reproductive system, including ovary, oviduct, uterine horn, uterine body and vagina as well as mammary glands and supramammary lymph nodes of the buffaloes in group 1 after 12 h post-infection. However, P. multocida B:2 was not detected in the reproductive organs of buffaloes in group 2 and group 3 after 21 days post-infection. Significant differences (P<0.05) were found in histopathological changes between the two groups, which mainly affected different anatomic regions of the reproductive system. This work provides an insight into the involvement of the female reproductive system of buffaloes during the pathogenesis of HS and shows that route of inoculation strongly affect the localization of the bacterium in the reproductive system.
Introduction
In many developing countries buffaloes have economic importance as they are reared for use as draught animals as well as for milk production. However, these animals are mainly affected by haemorrhagic septicemia (HS) outbreaks due to Pasteurella multocida. The disease is characterized mainly by sudden death, with high morbidity and mortality rates (Benkirane and De Alwis 2002; De Alwis 1999) .The disease has economic impact, and besides the direct losses of animals, which mainly estimated as the value of animals that die, the loss of productivity of milk and meat and impairment of the reproductive potential of the animals are consider as the true estimate of indirect losses and should be taken into the account (De Alwis 1992a). P. multocida is a Gram-negative coccobacillus residing mostly as a commensal in the nasopharynx of many animal species. Different serotypes of P. multocida are usually designated based on capsular and somatic typing, and there is a relation between the specific serotype and disease caused (Harper et al. 2006 ). Serotype B:2 and serotype E: are mainly responsible of HS in cattle and buffaloes in Asia and Africa, respectively (De Alwis 1999) . Buffaloes have a shorter course of the disease and are generally believed to be more susceptible to HS than cattle (De Alwis 1992b) .The disease occurs mainly in regions where husbandry practices are primitive and the animals are reared under freerange conditions. Therefore, the only reported sign may be sudden death. However, first-hand descriptions of the clinical syndrome under natural conditions are scarce (De Alwis 1999; Harper et al. 2006) .Generally, the observed signs are temperature elevation, loss of appetite, nasal discharge, salivation and labored breathing, with swellings in the submandibular region spreading to the brisket area (De Alwis 1999). Molecular techniques for diagnosis of pasteurellosis is considered as one of the most important techniques that not only gives diagnosis, but it also provides information regarding capsular type of P. multocida. Among different molecular techniques, polymerase chain reaction (PCR) has been proven to be the most efficient one. The technique can reduce the time for diagnosis and detect P. multocida B with 100 % specificity which makes it even more specific than traditional ones (Ranjan et al. 2011; Townsend et al. 2001) . Most of pathogenesis studies of HS focus on respiratory tract as a main affected site. However, recent studies confirmed the involvement of gastrointestinal and urinary tracts as new localization sites and suggesting their role in the disease pathogenesis (Abubakar and Zamri-Saad 2011; Annas et al. 2014) . There is a dearth of information, particularly on indirect economic losses and whether the animals that survived HS have significant reproductive problems and reduced productivity. Additionally, little information is available about the involvement of the reproductive organs and its regulatory hormones during the disease course of HS. Unravelling of such information could ensure a better understanding of the pathogenesis of P. multocida B: 2.To the best of our knowledge, the only available study was conducted by Jesse et al. (2014) in mice model, where significant hormonal level alterations and histopathological changes were reported in the reproductive organs of male and female mice after oral inoculation of P. multocida B:2 and its lipopolysaccharides. These findings raised questions about the ability of P. multocida B:2 to induce the same changes in buffaloes as the primary host for HS, and whether HS can significantly affect reproduction in these animals. Therefore, this study was conducted to answer these questions and provide additional information about the pathogenesis of HS in the reproductive organs of female pre-pubertal buffalo calves.
Materials and methods

Animals
Nine clinically healthy female buffalo calves of approximately 8 months of age were selected for this study. The calves were selected from a herd with neither previous history of HS outbreak nor vaccinated before. Upon arrival at the animal house facility, anthelmintic (Ivermectin) 0.2 mg/kg was administered subcutaneously to all calves. Concurrently, deep nasal and vagina swabs were collected weekly from all buffaloes and examined for the presence of P. multocida by bacterial isolation and PCR (Townsend et al. 1998; Zamri-Saad et al. 2006) to ensure that calves were free from P. multocida prior to the start of the experiment. The calves were kept in individual pens and fed with cut grass and supplemented with palm kernel-based pellets at the rate of 1 kg/animal/day. Drinking water was available ad libitum, while access to veterinary care was available at all times and the animal well-being was assessed regularly. Before starting the experiments, all the procedures and animal care were subjected to review and approved by the Institutional Animal Care and Use Committee (IACUC), Faculty of Veterinary Medicine, Universiti Putra Malaysia, reference No. (UPM/IACUC/AUP-R048/2014).
Inoculum preparation
P. multocida B:2 used in this study was isolated from previous outbreaks of HS in buffalo in the state of Kelantan, Malaysia. The isolate was confirmed to be P. multocida B:2 via Gramstaining method, biochemical tests and polymerase chain reaction (PCR) method. Bacteria were cultured on blood agar plates and incubated at 37°C for 24 h. After that, four colonies were selected and inoculated into brain-heart infusion broth and incubated at 37°C with continuous shaking at 150 rpm for 24 h. Broth cultures were pooled, and the purity was confirmed before McFarland readings of culture density were obtained and concentration was adjusted to 1×10 12 colony forming units (cfu)/mL as previously described by Goldman and Green (2008) .
Experimental procedure
The nine buffalo calves were randomly divided into three equal groups, and each group was kept separately, while individual pen was allocated to each calve within the group along the experiment. Before starting the experiment, all the calves were clinically examined regularly. Additionally, in order to mimic the field environment and create stressful condition, all the calves were injected subcutaneously with dexamethasone at dose of 1 mg/kg for three successive days. Calves of group 1 were inoculated subcutaneously with 10 mL of 1×10 12 cfu/mL of P. multocida B:2. Calves of group 2 were inoculated orally with 10 mL of 1×10 12 cfu/mL P. multocida B:2 using a stomach tube. Calves of group 3 were inoculated orally with 10 mL of phosphate buffer saline (PBS) as a sham control. After infection, all the calves were monitored at 2 h intervals for the clinical signs of HS for the first 12 hours and twice daily thereafter until the end of the experiment at day 21.
Necropsy
Following the IACUC guidelines, the buffaloes in group 1 had to be euthanized due to endotoxic shock and to decrease unnecessary animal suffering, while the buffaloes in group 2 showed mild clinical signs of HS and were euthanized only after 21 days post-infection. Samples were collected for assessment of the post-mortem changes, and the examination was mainly focused on the reproductive organs, including ovary, oviduct, uterine horn, uterine body, cervix and vagina, in addition to samples from the mammary glands and supramammary lymph nodes. The assessment was performed by visual examination and by palpation and calculation of the percentage of affected tissue. The gross lesions were scored as follows: no significant lesions scored 0, 5-10 % affected tissue considered mild and scored 1, 11-25 % considered moderate and scored 2 and >25 % considered severe and scored 3. Accordingly, the lesion scores were calculated, from which the group means lesion scores were derived.
Bacteriological examination
Tissues samples of the reproductive organs, mammary glands and supramammary lymph nodes were taken aseptically and cultured on blood agar and incubated at 37°C for 18 h. Isolates were identified as P. multocida B:2 on the basis of morphological criteria and biochemical tests according to De Alwis (1999). Furthermore, DNA from representative bacterial cultures was extracted and used as templates in the PCR to determine the serotype as described earlier Zamri-Saad et al. (2006) .
Histopathological examination
Tissue samples from different sites of representative reproductive organs, including ovary, oviduct, uterine horn, uterine body, cervix and vagina, in addition to samples from the mammary gland and supramammary lymph nodes, were collected and placed in 40 % buffered formalin for at least 24 h before being trimmed, embedded in paraffin, sectioned at 4 μm, and prepared for histopathological examination in duplicate slides using standard techniques of hematoxylin and eosin (H&E) staining. The cellular changes observed were haemorrhage and congestion, necrosis and degeneration, inflammatory cell infiltration and oedema. The histopathological changes were recorded and an overall scoring for severity was assigned to each sample as follows: score 0, normal, score 1, mild; score 2, moderate; score 3, severe (Khaleel et al. 2014; Jesse et al. 2015) .
Statistical analysis
Histopathological lesion scores between the two inoculation groups were summarized as mean±SE and subjected to paired Student's t test. All the data were analyzed using IBM SPSS Statistics version 22 software (IBM Corp., Armonk, NY, USA). The data were considered significant at P<0.05.
Results
Clinical signs and Gross pathology
Buffaloes of groups 1 and 2 showed significant differences (P<0.05) in mean rectal temperatures compared to the control group (group 3). The peak rectal temperature of 39.8°C was observed at 3 h, post-infection for group 1 and 39°C was observed after the first four days for group 2. The buffaloes from group 1 showed typical HS clinical signs and could only survive for the first 12 h of the experiment, while the buffaloes of group 1 could survive throughout the 21-day experiment and showed only mild clinical response of HS. The temperature, respiratory rate and rumen motility were all within the normal level for buffaloes in group 3 (Table 1) .
Organ congestion has been the most frequently observed gross pathological changes. Congestion was mild to moderate in group 1 and mild in group 2 (Table 2 ). All the organs from buffaloes in group 3 (control group) appeared to be normal without any lesions observed.
Bacterial Isolation and PCR Detection P. multocida B:2 was recovered from most parts of the reproductive organs of group 1 calves including ovary, oviduct, uterine horn, uterine body, cervix and vagina, in addition to samples from the mammary gland and supramammary lymph nodes. All recovered bacteria were confirmed to be identical to the inoculated strain by PCR, except the isolate from the cervix. On the other hand, P. multocida B:2 was not recovered from any organ of calves in group 2 (Table 2) .
Histopathology
The main histopathological changes observed in the reproductive organs of buffalo calves of group 1and group 2 include haemorrhage and congestion, oedema, necrosis and degeneration and inflammatory cell infiltration (Table 3 ). Significant differences (P < 0.05) were found in histopathological lesion scores between groups 1 and 2. In group 1, the predominant histopathological changes were observed in the ovary, supramammary lymph node, uterine body, uterine horn and oviduct, while the cervix, vagina and mammary glands were less affected. On the other hand, less pathological lesions were found in the affected organ of group 2. However, the uterine body and ovary were the most affected organs compared to the rest (Table 3 ). The most obvious histopathological changes in group 1 were haemorrhage and congestion in the ovary, uterine body, cervix, mammary glands and supramammary lymph node. Similarly, mild leucocytic infiltration and degeneration of the stromal cell were seen in sections of the ovary and uterine body in addition to the contraction and proliferation of uterine body endometrial glands (Figs. 1 and 2 ). On the other hand, inflammatory cell infiltration and necrosis and degeneration were mostly obvious in tissue sections of group 2, mainly in the ovary and uterine body. Other sites like the uterine horn and oviduct were also affected. The ovary showed moderate haemorrhage and congestion, necrosis and degeneration, inflammatory cell infiltration in addition to mild oedema, while the uterine horn and uterine body showed contraction and proliferation of endometrial glands which were able to be seen in different sections. The mammary glands showed contracted and empty alveoli with a few leucocyte infiltrations, while sections of the supramammary lymph node showed active lymphoid follicles with moderate to severe haemorrhage and congestion, severe inflammatory cell infiltration and moderate necrosis and degeneration (Figs. 3, 4 , 5 and 6). All values are expressed as averages. The lesions were scored according to the severity as follows: no significant lesion=0, mild=1, moderate=2, severe=3. Negative=-, Positive=+.
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Discussion
The domestic water buffalo (Bubalus bubalis) has an important role in the agricultural economy of many developing countries especially in Asia where 96 % of total 172 million estimated world population of buffaloes are present (Perera 2011) . Although buffaloes are mainly used for providing milk and meat, they have been traditionally regarded as a poor breeder due to having poor fertility in the majority of conditions under which they are raised. On the other hand, the major problems facing buffalo breeders and farmers are microbial diseases of the female genital tract which causes inflammation and histopathological lesions of the endometrium and lead to poor reproductive efficiency and prolonged intercalving intervals (Azawi 2013; Perera 2011) .The incidence rate of uterine infection in buffaloes is much higher than in cattle with numerous bacteria in a variety of combinations have been isolated from infected uteri including Gram-positive and Gram-negative bacteria (Azawi et al. 2007; Azawi 2013; Pampori and Pandita 2013) . However, the involvement of the reproductive system of female buffaloes in the pathogenesis of HS has not been studied yet. In addition, buffaloes surviving HS may have serious problems in the reproductive system that could affect the reproduction and production of these animals and finally impose indirect economic loss to the farmer. Majority of HS cases in cattle and buffalo are acute or peracute, with death occurring from 6 to 24 h after the first recognized clinical signs (De Alwis 1984) . The results of this study show that buffaloes injected subcutaneously showed typical clinical signs of HS and could only survive for the first 12 h of the experiment. These results are supported by previous studies that explain that the endotoxaemia of Gramnegative organisms can initiate septic shock because of the proliferation of microorganisms at the site of infection, resulting in release of endotoxins and exotoxins which stimulate endogenous mediators of sepsis that lead to death (Kumar et al. 2012) . The buffalos inoculated orally could survive throughout the 21-day experimental period and showed a mild clinical response of HS. Similar signs have been described in experimentally and naturally infected buffaloes, but were much more severe (De Alwis 1992a, b; Benkirane and De Alwis 2002; Abubakar and Zamri-Saad 2011; Khan et al. 2011 ).
The present study reported, for the first time, the changes observed in the reproductive organs in buffaloes following inoculation of 10 12 cfu/mL of P. multocida B:2 via oral and subcutaneous routes. The only obvious lesions observed at necropsy in the reproductive organs of buffaloes in group 2 were congestion and haemorrhage. Unfortunately, no previous data were available regarding examination of reproductive organs in natural or experimental infection studies, and this may be because of researchers did not focus on the reproductive organs in the previous studies related to the pathogenesis of HS in buffaloes and they usually concentrating on respiratory and gastrointestinal tracts (Lane et al. 1992; Dowling et al. 2002; Odugbo et al. 2005; Khan et al. 2011; Jesse et al. 2013b ). There has been little progress in understanding exactly how P. multocida invades mucosal surfaces to gain access to the blood and how the host responds to the infection ( Harper et al. 2006; Boyce et al. 2012; Jesse et al. 2013a, b) . In the natural disease, the main focus at which P. multocida enters is considered to be the tonsils. The bacteria multiply in peritonsilar soft tissue, and macrophages may also carry viable organisms to local lymph nodes, where they multiply and spread to surrounding tissues (Wilkie et al. 2012) . However, virulence factors related to adherence and cellinvasive capacity found only in P. multocida B:2, rather than other serotypes like to P. multocida A:3, were thought to play an important role in the disease pathogenesis, suggesting that P. multocida B:2 has ability to translocate from the respiratory tract into the blood stream and produce its effect in other sites (Othman et al. 2012; Annas et al. 2014; Khaleel et al. 2014) . Moreover, the LPS as a major virulence factor of P. multocida B:2 has been reported to induce direct effect in male and female reproductive organs of mice in addition to disturbance in the levels of testosterone, estrogen and progesterone, respectively .
P. multocida B:2 has been isolated and confirmed by PCR from all the reproductive organs of group 1, except the cervix where the PCR result was negative. On the other hand, we were unable to isolate P. multocida B: 2 from the organs of group 2 after 21 days post-infection. The development of uterine disease depends on the immune response of the buffalo, as well as the species and number (load or challenge)of bacteria and route of administration or entry and course of the disease (Azawi 2013) . The PCR methods are emerging as alternative tools for identifying pathogens and are regarded as rapid, specific, sensitive and capable of early detection with a relatively simple methodology (Townsend et al. 2001) . Annas et al. (2014) reported the successful bacterial isolation and PCR detection of P. multocida B:2 from vaginal swabs after 2 weeks post-exposure in commingling buffaloes treated with dexamethasone as stress inducer and mixed with calves inoculated subcutaneously with inoculum containing 1×10 5 cfu/mL, suggesting that stress factors and route of entry have direct effect on the pathogenesis of HS and buffaloes that survive experimental infection of HS become carriers and might have serious reproductive problems due to infection with P. multocida B:2. While bacterial isolation has little chance when the samples obtained from infected animals on the first week or after the third week post-infection, which may be due to total recovery from infection mediated by the body immune response mechanisms or the bacteria have developed an evasion strategy by hiding (Abubakar et al. 2013; Annas et al. 2014 ).
Significant histopathological changes (P < 0.05) were found between group 1 and group 2, and the main obvious lesions in group 1 were haemorrhage and congestion as well as mild leucocytic infiltration in most sections of reproductive organs in addition to mammary gland and supramammary lymph nodes, which are indication of acute bacterial inflammation and support the evidence of bacterial isolation of P. multocida B:2 from different sites of the reproductive organs (Abubakar and Zamri-Saad 2011; Jesse et al. 2013b; Annas et al. 2014) . On the other hand, moderate inflammatory cell infiltration in addition to necrosis and degeneration in tissue sections of uterine body and ovary were the main findings in group 2, suggesting the carrier stage of the disease (De Alwis 1999; Wilkie et al. 2012) . To date, little information is available regarding the histopathological changes in the reproductive system due to P. multocida B:2. To our best knowledge, the only available study was conducted by Jesse et al. (2014) which reported the effect of P. multocida B:2 and its LPS on the male and female reproductive organs and related hormones in mice, and the most obvious histopathological changes they found were oedema, haemorrhage, degeneration and necrosis in the testes and ovaries, suggesting that P. multocida B:2 or its LPS has affinity towards the hormone producing cells in the testes and ovaries which may be activate the infiltration of inflammatory cells to the respective organs. At the same time, the LPS may have direct effects on the cells and may cause septicemic phase. Similar results were also obtained by Khuder et al. (2012) in female mice inoculated with Corynebacterium pseudotuberculosis, and the main changes were related to septicemia. These changes included congestion, infiltration of neutrophil and macrophages, degeneration, necrosis, haemorrhage and oedema. The histopathological changes of the female reproductive system found in our study has an originality as these findings have not been reported in any previous study before. Surely, it unraveled an important part of the pathogenesis of HS.
Conclusion
This study sheds light on the involvement of the reproductive system during the disease course of HS following subcutaneous and oral routes of inoculation. Significant differences were observed in histopathological changes of the reproductive organs, mammary gland and supramammary lymph nodes between these two inoculation groups, suggesting that HS affects the reproductive organs of female buffaloes. Such infected animals can also become carriers, resulting in transmission to other animals within the herd. Consequently, the fertility of these animals may be compromised resulting in lower productivity and economic losses.
